III) was produced in 2006 (►Table 1).
It is important to note that these criteria do not distinguish between different forms of functional constipation. Causes of constipation can be attributed to primary and secondary sources. Primary, or functional, constipation is frequently due to either constipation-predominant irritable bowel syndrome, slow-transit constipation (STC), obstructed defecation (including pudendal neuropathy, paradoxical contraction, or nonrelaxation of the puborectalis or increased perineal descent), or some combination of these. 4, 8, 9 Secondary constipation (►Table 2) is more common and causes include dehydration, poor dietary fiber intake, a variety of medications (opiates, iron supplements, etc.), numerous medical conditions, low physical activity levels, and mechanical obstruction such as rectal stricture, rectocele, or colon cancer.
4,10
STC, often used interchangeably with the term colonic inertia, may be defined as functional constipation independent of pelvic floor dysfunction, with the absence of colonic motor activity, with accompanying radiographic evidence of delayed transit and lack of response to pharmacologic augmentation during motility studies.
11 Obstructed defecation or dyssynergic defecation involves uncoordinated rectal contractions and anal sphincter function with incomplete internal anal sphincter relaxation or paradoxical sphincter contraction. 9 While constipation-predominant irritable bowel syndrome is the most common form of primary constipation, STC is the culprit in 15 to 42% of cases 9, 10, 12, 13 and may be accompanied by other forms of enteric dysmotility in a large proportion of individuals. In a series of 212 patients who underwent whole-gut transit scintigraphy, 91 individuals had STC without evidence of obstructed
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Abstract
Constipation is a very common complaint, with slow-transit constipation (STC) accounting for a significant proportion of cases. Old age, female gender, psychiatric illness, and history of sexual abuse are all associated with STC. The exact cause of STC remains elusive; however, multiple immune and cellular changes have been demonstrated. Diagnosis requires evidence of slowed colonic transit which may be achieved via numerous modalities. While a variety of medical therapies exist, these are often met with limited success and a minority of patients ultimately require operative intervention. When evaluating a patient with STC, it is important to determine the presence of concomitant obstructed defecation or other forms of enteric dysmotility, as this may affect treatment decisions. Although a variety of surgical procedures have been reported, subtotal colectomy with ileorectal anastomosis is the most commonly performed and well-studied procedure, with the best track record of success.
defecation. Of this group, only 48% had normal upper GI transit times with 52% of individuals having delayed gastric function or delayed small bowel transit, or a combination of the two. In the same series, 25% of patients had both STC and obstructed defecation based on anal manometry, defecography, or balloon expulsion tests. 9 It is also important to note that multiple series have demonstrated high rates of psychiatric disease and/or histories of sexual abuse in individuals with STC. 14, 15 Providers should be alert to this fact in the early stages of patient evaluation, especially when surgical options are being considered.
Mechanism of Ordinary Colonic Contraction and Defecation
Under normal circumstances, both long-and short-term rhythmic phase contractions of large bowel circular muscle slowly mix and propel enteric content. Short-phase contractions which occur 3 to 12 times per minute and last up to 3 seconds in duration play little role in propagation, whereas long-phase contractions which occur up to 2 times per minute and last up to 20 seconds in duration provide a moderate amount of forward propulsion. Giant migrating colonic contractions are high amplitude, rapidly propagating contractions which occur approximately 10 times per day and produce mass movements of enteric contents and allow for forceful stool expulsion. Fecal loading of the otherwise empty rectum results in distention of stretch receptors and once a threshold is met, the anal reflex is triggered resulting in propulsion of the fecal load from the sigmoid colon into the rectum/anus with synchronous relaxation of the internal anal sphincter and contraction of the external anal sphincter complex. If defection is desired, the external sphincter is voluntarily relaxed, the puborectalis muscle relaxes, thereby straightening the anorectal angle and the individual Valsalva to increase the intraabdominal pressure leading to fecal evacuation.
8,16
Pathophysiology of Slow-Transit Constipation
The underlying mechanism of colonic dysmotility which leads to STC is ill defined. Numerous studies have demonstrated a variety of physiologic changes which occur in individuals with STC, including reduced sensitivity to cholinergic stimulation and decreased colonic electrical activity resulting in fewer high-amplitude propagated contractions and diminished colonic contractility. [17] [18] [19] Several disturbances of the neuroendocrine system as well as the autonomic and enteric nervous systems have all been implicated in these physiologic disturbances. 12, 17, [20] [21] [22] [23] [24] [25] [26] Various immune, cellular, and histological changes have been demonstrated in individuals with STC, with histologic examination often being notable for intestinal neuronal dysplasia or visceral myopathy. 27 Bassotti et al found that colonic mast cells, which are thought to play a role in visceral hypersensitivity and motor activity, are present in much higher concentrations in patients with STC, potentially leading to an inflammatory environment in the muscularis externa and subsequent suppression of normal colonic propulsion. 26, 28 This inflammatory state hypothesis may be supported by the finding that individuals with STC have significantly higher numbers of colonic macrophages than their peers with normal colonic transit. 29 Many series suggest that for currently unknown reasons, patients with STC have an abnormally low number of interstitial cells of Cajal, the colonic Prior to diagnosis, the above criteria must be fulfilled for 3 consecutive months with at least 6 months of symptoms in total 
Workup and Diagnostic Modalities
In addition to obtaining a thorough medical history including an assessment of neurologic, psychiatric, and endocrine disorders, the clinician should review the patient's current medications and inquire as to details of any prior constipation evaluations. It is important to ask the patient specific and directed questions regarding their bowel habits. A complete interview should include the quality, quantity, and frequency of stools; changes in stooling ability if the stool is hard or soft; feelings of incomplete evacuation, whether straining is required; the ability to defecate if there is an urge to do so; the length of time required to defecate; the use of laxatives; the presence of pain or bleeding with defecation; the need for digital assistance; and the presence of any masses protruding from the anus. Sensations of abdominal pain, cramping, or bloating with associated improvement with defecation may steer the diagnosis toward IBS, although many patients with STC also report these symptoms as well. During the initial evaluation, a comprehensive physical examination should be performed, including an abdominal examination to assess for pain, palpable masses, and the presence of a hernia. An examination of the perineum as well as a digital rectal exam and potentially proctoscopy should be performed in most patients in either the left lateral or the prone position. It is important to assess the patient's anal tone and to rule out perianal sources of obstruction, such as paradoxical puborectalis contraction, rectal or vaginal prolapse, anal stricture, or an obstructing mass. A reasonable next step at the time of initial evaluation is to obtain appropriate blood work including electrolytes, thyroid stimulating hormone level, and a hematocrit to help rule out potential secondary causes of constipation. While in some practices it is typical for patients to undergo lower endoscopy as part of the initial evaluation, 12 in others colonoscopy or contrast enema is considered only if the patient is unresponsive to a trial of medical therapy or if there is a part of the medical history or physical exam which is concerning for mechanical obstruction. Unless the index of suspicion for other conditions leading to constipation is high, it is also very reasonable to start a trial of fiber supplements or mild laxatives, as an initial step (►Fig. 1). 36 It is important to note that it may be difficult to preform adequate bowel prep for colonoscopy in the chronically constipated patient in the setting of large stool burden. In a large retrospective study of constipated patients who underwent colonoscopy or sigmoidoscopy, Pepin and Ladabaum found that 14.6% of individuals had adenomas and 1.4% had colon cancers. 37 The presence of a tumor was thought to have resulted in obstruction in around 1% of cases. Around 58% of patients evaluated had an indication for colonoscopy in addition to constipation. The authors note that the rate of neoplasia discovery in individuals undergoing colonoscopy for constipation was comparable with the rate of neoplasia discovery in those who are evaluated with routine screening colonoscopy. While colonoscopy is the more commonly performed procedure, contrast enemas are useful for providing information about colonic dimensions, external compression, and potential redundancy and are useful in diagnosing certain less common conditions such as Hirschsprung disease. 8 Once other potential causes of constipation have been ruled out or once a trial of medical therapy has failed, it may be time to consider physiologic testing. Commonly performed tests used for workup STC include radiopaque marker studies, barium suspension ingestion, wireless capsule endoscopy, and nuclear scintigraphy. 8, 38 Because the presence of pelvic floor dysfunction in addition to STC affects management decisions as well, patients with STC and suspected pelvic floor dysfunction should undergo anorectal physiology testing as well. Some of the studies used to assess for obstructed defecation include MR defecography, cinedefecography, anorectal manometry, anal sphincter electromyography, pudendal nerve latency, and the balloon expulsion test. The details of these studies are beyond the scope of this article and are reviewed elsewhere.
8,12,39-41
Colon transit studies are useful in the differentiation of STC from obstructed defecation, typically using radiopaque marker ingestion (i.e., Sitzmark study), nuclear scintigraphy, or several other methods which are briefly discussed later (►Fig. 2). 36 There are multiple variations of the radiopaque marker transit study, but typically an individual is started on a high-fiber diet (20-30 g/day) and ingests a capsule containing 24 radiopaque markers (commonly polyvinyl chloride markers or barium-impregnated polyethylene pellets). The patient is instructed to abstain from any stool softeners, laxatives, enemas, motility agents, or any other medication which may affect bowel function for 5 days prior to and during the study. Serial abdominal films are obtained 5 days after marker ingestion. Normal transit is suggested by the presence of fewer than 5 markers remaining in the colon by the fifth day, whereas STC is likely if markers are seen throughout the colon at the 5 day mark. A functional outlet obstruction must be considered if markers simply accumulate in the rectosigmoid colon. . Abdominal plain films are taken on days 3 through 5 and again on day 7 if necessary. This type of study is difficult to perform and interpret; however, it can be used to identify specific colonic segments with delayed transit. A barium suspension ingestion method of evaluating colonic transit has been reported to be comparable in accuracy to the radiopaque marker test, while also allowing for evaluation of the transit function of different GI segments and may represent a viable alternative diagnostic modality. This test requires the patient to ingest a barium meal and then undergo interval abdominal radiographs in the same manner as during a radiopaque marker ingestion study. 44, 45 Another alternative to the radiopaque marker test involves ingestion of a wireless motility capsule. This study has been reported to provide accuracy which is equivalent to radiopaque marker studies in the diagnosis of STC, and can be performed in an ambulatory setting and requires less coordination of care as no serial abdominal films need to be obtained. One limitation of this technique, however, is that the patient is required to wear a radiofrequency receiver for 5 days or until the capsule has been defecated.
6,46
Nuclear scintigraphy is a less widely available method of studying colonic transit time and is more costly than traditional radiopaque marker ingestion; however, scintigraphy requires only 24 to 48 hours to complete. 4, 8 Typically the radionucleotide 111-diethylenetriamine pentaacetic acid ( 111 In-DTPA) is given in a resin-coated capsule which dissolves in the distal ileum at a pH of 7.4. Using a gamma probe, the individual undergoes scintigraphic scanning at 24 and 48 hours postingestion to identify signal distribution. This study may be combined with the ingestion of technetium-99 to evaluate small bowel (normal transit time is 90-120 minutes) and stomach motility. 4, 12 It is important to rule out panenteric slow transit by evaluation of the small bowel and gastric transit time once colonic slow transit has been established, as this may ultimately affect treatment decisions. Functional Disorders: Slow-Transit Constipation Tillou, Poylin 79
Medical Management
While the majority of patients with constipation will respond to medical therapy, 4, 8, 47 STC is often minimally responsive to such measures. 48 This is not to say that it is not worth a trial of conservative measures prior to the initiation of more invasive options, and in reality most patients are appropriately trialed on medical therapy prior to transit studies and the diagnosis of STC being obtained. Reasonable initial steps may include increasing dietary fiber intake to the current recommended level of 20 to 35 g/day, increasing water intake, and encouraging physical exercise, though there is little data to support the benefit of increased water intake or exercise when the individual is not dehydrated. receptor agonist family which initially showed some promise in treating severe constipation but was pulled from the market due to the potential risk of adverse cardiovascular events, prucalopride has a safe cardiac profile. 
Surgical Management
Ultimately, some individuals with STC will not improve with conservative measures. Historically, the surgical treatment of choice has been subtotal colectomy with ileodistal sigmoid or ileorectal anastomosis (SC-IRA) which may be performed safely and effectively using either an open or laparoscopic approach. 14, 15, 43, [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] Prior to considering a subtotal colectomy, it is very important to rule out synchronous pelvic floor dysfunction and to address any issues with fecal incontinence. Patients should be counseled extensively regarding expected postoperative outcomes and should understand the potential for unwanted frequent bowel movements, loose stools, increased urgency, and possible clustering of bowel movements. In recent years, a variety of surgical approaches including segmental colectomy and subtotal colectomy with cecorectal anastomosis have been described, although the results of these operations have been less positive than those described after SC-IRA. Prior to considering surgical intervention, several issues should be addressed. As mentioned previously, gastric or small bowel dysmotility as well as pelvic floor dysfunction should be ruled out prior to surgical intervention, as these conditions may warrant changes in the operative plan. Many authors report high rates of continued constipation, postoperative abdominal pain, diarrhea, and small bowel obstruction after SC-IRA in patients with STC accompanied by upper GI tract dysmotility or obstructed defecation. 69, 81, 97 A history of sexual abuse or psychiatric illness should also be ascertained prior to surgical intervention. In a retrospective series, O'Brien et al found that of all patients who underwent SC-IRA over a 15-year period for STC, 85% were undergoing treatment for a psychiatric illness with psychotropic medication. 14 Sixty-two percent of individuals reported a history of sexual abuse with most reporting some form of either vaginal or anal abuse. Those with histories of sexual abuse were far more likely to have undergone prior abdominal operations, to have increased numbers of functional diagnoses, and were more likely to seek medical care for continued abdominal complaints postcolectomy than their nonabused peers. As in all cases, it is important for the patient to understand the potential risks and benefits of any surgical intervention and to understand the potential limitations of the proposed procedure. Common risks associated with colectomy which should be discussed include anastomotic stricture or leak, postoperative bowel obstruction (up to 20% after total abdominal colectomy), wound infections, bleeding, and hernia formation. In otherwise healthy patients, surgical mortality should be <1%. 43 Postoperatively, patients may experience with frequent bowel movements, urgency, and clustering of bowel movements. SC-IRA is the most studied surgical method of managing STC. A limited review of the recent literature is provided in ►Table 3. Most recent series are small, involving anywhere between 4 and 96 patients, which is indicative of the relative infrequency with which colectomy is performed for refractory constipation. Though it is difficult to compare outcomes between series, reported positive outcomes, patient satisfaction scores, and quality-of-life measures ranged from 55 to 100%.
14,63-80 In a review article from 1999 of 32 series published between 1981 and 1998 in which any part of the colon was resected for management of STC, the median "success" rate was 86%. 81 Postoperative bowel function and lifestyle satisfaction scores ranged from 39 to 100% and the median number of bowel movements per day was 2.9. The incidence of both postoperative incontinence and diarrhea averaged 14%, and constipation recurrence occurred in 9% with a median reoperative rate of 14%. The authors conclude that while reported surgical outcomes tend to be highly variable, when the performed operation was not selected based on segmental transit studies, superior outcomes were obtained with SC-IRA rather than with segmental colectomy or subtotal colectomy with cecorectal or ileosigmoid anastomosis. Several authors have reported the feasibility of laparoscopic SC-IRA with postoperative outcomes and complication rates that are comparable to the open approach, although the laparoscopic method often results in shorter lengths of hospital stay, less postoperative pain, and earlier return of bowel function. 64, 70, 71, 77, 78 Multiple series describe subtotal colectomy with an antiperistaltic cecorectal anastomosis (Sarli procedure) complication rates. Bowel movements per day at 1 year follow-up in the laparoscopic and open cohorts were 2.8 and 2.4, respectively. Postoperative GIQLI scores at 1 year were equal at 115. Interestingly, there was a higher early fecal incontinence rate in the laparoscopic group, though this equilibrated with time. In a series of 70 patients with STC who underwent subtotal colectomy with either cecorectal or ileosigmoid anastomosis, Feng and Jianjiang found that more patients in the cecorectal group had issues with persistent constipation (27 vs. 7%). 88 Additionally, long-term satisfaction score was 93% in the ileosigmoid anastomosis group versus 74% in the cecorectal anastomosis group. When compared with subtotal colectomy, segmental colectomy is a less extensive procedure and in theory preserves some colonic function; however, in practice it is often difficult to determine which segment is responsible for the delayed transit and thus which segment should be resected. Therefore, when considering a segmental resection, preoperative segmental colonic transit evaluation is critical. As discussed earlier, a variety of methods including radiopaque marker studies, nuclear scintigraphy, barium suspension ingestion tests, and wireless motility capsule studies may be used to diagnose segmental areas of inertia. 4, 6, 43, 44, 46 Reports concerning outcomes after segmental colectomy in individuals with proven discrete areas of colonic inertia are conflicting. 89 This technique resulted in improved constipation scores in all patients with a 90% overall "satisfaction" rate at 2 years. Of note, 17 out of 21 patients no longer had evidence of intussusception which was visible on preoperative defecography and only 7 of 29 patients who had a rectocele preoperatively continued to have a detectable rectocele in the followup period. In 2014, a group from China reported an alternative procedure for the management of STC combined with obstructed defecation. The so-called Jinling procedure combines a subtotal colectomy with a midposterior ascending colon to rectal anastomosis combined with a side-to-side cecorectal anastomosis; in essence creating a long side-toside colorectal anastomosis. The authors reported a 24% operative morbidity rate with four anastomotic leaks. In 117 patients who were followed over a 4-year period, the mean GIQLI score was 111, with 93% of patients reporting "adequate" postoperative satisfaction levels. 91 Restorative proctocolectomy with ileal pouch anal anastomosis represents another option in individuals with STC and concomitant rectal inertia. In one series, 15 patients underwent ileal pouch-anal anastomosis with a temporary loop ileostomy over a 7-year period. Postoperatively, the mean number of bowel movements per day was five and most individuals reported significant lifestyle improvements. Two individuals did eventually require pouch excision due to pain. 86 Overall, little data are available for this approach, and the use of this procedure should be considered on a case-by-case bases. In some situations, despite extensive workup, it remains unclear which parts of the GI tract are dysfunctional and how much each segment contributes to the patient's constipation. Patients may also be ambivalent about exchanging functional issues related to constipation, for ones related to removal of the colon, or in the cases when stoma creation is considered, potential permanency of one. In these cases, it is reasonable to consider a trial of ileostomy, loop, or divided loop (i.e., functional ileostomy). If the primary problem is due to colonic dysfunction or pelvic floor dysfunction, or a combination of both, stoma creation would eliminate most of the patient's symptoms. If there is impaired transit of the entire GI tract, functional issues will persist even after ileostomy formation. Temporary ostomy placement also allows the patient to experience what it is like to have a stoma while maintaining the ability for a quick conversion to "normal" anatomy, although reversal is associated with surgical risks.
As noted previously, the frequency of high-amplitude, propagated colonic contractions is reduced in individuals with STC. Some authors suggest improvement in STC symptoms via increasingly frequent colonic propagating pressure waves after sacral nerve stimulator placement in both children and adults 24, 92, 93, 96 ; however, other reports are less convincing. Functional Disorders: Slow-Transit Constipation Tillou, Poylin 83
wave frequency with some improvement in bowel frequency in six out of eight patients who underwent implantation.
24
However, a recently reported double-blind randomized controlled trial in which 55 patients with STC underwent permanent sacral nerve stimulator placement found no significant difference in symptom improvement between the treatment and sham arms. The authors concluded that sacral nerve stimulation did not result in any significant improvement in bowel movement frequency.
100
Antegrade colonic enema via an appendicostomy or neoappendicostomy is another technique which has been used in the management of STC and may prove successful in improving constipation in up to half of individuals, 50, 94, 95, 102 although most of the data supporting the use of this technique are in the pediatric literature. In a group of 12 individuals with STC who underwent laparoscopic creation of an enema access point in the right lower quadrant, the median frequency of defecation was one per day using a variety of enema regimens. Four of 12 patients eventually required a subtotal colectomy. The authors noted that cecal access for initiation of antegrade colonic enemas is a minimally invasive procedure which does not limit the possibility of future colectomy in the event of failure, making this a potentially viable option for trial prior to undergoing colonic resection.
94

Conclusion
STC accounts for a significant number of cases of functional constipation. The diagnosis of STC can be made using a variety of modalities and it is important when evaluating these patients to rule out poor gastric and/or small bowel motility as well as obstructed defecation, as the presence of dysmotility outside of the colon has significant therapeutic implications. A trial of medical therapy is often indicated and is typically attempted prior to the acquisition of transit studies; however, conservative measures will frequently fail in individuals with STC. Techniques such as sacral nerve stimulator placement and biofeedback have been met with minimal success, though data at this time are relatively limited. Although there are a variety of different surgical options available, SC-IRA is the best studied and has the best track record with many series reporting significant improvements in quality of life postoperatively. In recent years, this procedure has been performed laparoscopically with at least equivalent functional outcomes. Subtotal colectomy with an antiperistaltic cecorectal anastomosis has demonstrated success in multiple series, and in selected individuals, segmental colectomy may represent a potential option as well, although several patients will ultimately require completion colectomy. Ileostomy is a reasonable option in patients who are of high operative risk, in those who continue to have issues with constipation after subtotal colectomy and in individuals with both STC and pelvic floor dysfunction or issues with fecal incontinence. Individuals with STC accompanied by obstructed defecation may experience improved outcomes if treated with biofeedback prior to undergoing a colectomy; however, these cases should be approached with caution. In all instances, preoperative counseling is vital in order for the patient to have a clear understanding of the potential benefits and limitations of surgical intervention and to establish reasonable postoperative expectations.
